Abstract: Insulating is the most effective method coming, that is used to gain energy in buildings. In this work, the analysis of optimum insulating thickness in heating and cooling, by using different fuels (natural gas, coal, fuel-oil and electric) and types of insulation (XPS and EPS), total cost, repaying span, saving energy, and environmental was made. By fixing of average optimum point belonging to İzmir, Bursa, Konya and Erzurum; insulating thickness is respectively, 0. The repaying span took the value of; in heating respectively 1.67 years, 1.52 years, 1.42 years and 1.32 years, while in cooling 2.70 years, 4.6 years, 5.88 years and 12.48 years. CO2 and SO2 emissions released to the environment have been observed to decrease by about 81 % at the optimum point compared to the uninsulated state, and a significant amount of benefit has been achieved.
Introduction
Emerging technologies, population growth and climate change all over the world, especially in developing countries like Turkey, are accompanied by an increase in energy demand. Given that energy is largely achieved using fossil sources, the increased energy demand also causes harmful emissions such as CO2 and SO2 released to the atmosphere. To mitigate this adverse situation, it is necessary either to focus on renewable energy sources such as wind, solar and geothermal, or directly to save energy. The high investment costs of renewable energy sources make it more attractive to opt for energy saving for undeveloped and developing countries.
Research Significance
One of the most practical and economical ways to save energy and reduce harmful emission rates, such as CO2 and SO2, is insulation applications. However, the thickness of insulation to be applied depends on the type of fossil fuel used, insulation materials, climate properties and the total cost. Therefore, researchers have carried out studies to determine the optimum insulation thickness according to the fuel and insulation material, taking into consideration the climatic properties and the total cost. The previous studies to determine the optimum insulation thickness in buildings are as follows: Özel and Şengür [1] determined the optimum insulation thickness as 0.032 m and 0.068 m respectively for Antalya and Kars, one of the hottest and coldest spots of Turkey, in case of using stone wool as insulation material and natural gas as fuel. Kaynaklı et al. [2] calculated the optimum insulation thickness as 0.04 m and 0.26 m when using natural gas in the heating season and electricity in the cooling season, respectively, for Istanbul province. They determined the total saving rate as 40% for heating and 28% for cooling. Ertürk [3] stated that when 4 mm air space was used in addition to XPS as insulation and natural gas as fuel for Ankara province, the optimum insulation thickness fell from 0.092 m to 0.034 m, and the total cost was reduced by 28%. Dombaycı found that energy consumption decreased by 46.6% and CO2 and SO2 emissions by 41.53% when heating at the optimum insulation thickness, in the case of using coal as fuel and EPS as insulation material for Denizli province.
Some researchers have taken into account the life cycle cost while determining the optimum insulation thickness [5] [6] [7] [8] [9] [10] [11] . Gürel and Cingiz [12] have taken the exterior wall of a building as a model in Sivas province, insulated with different building materials and insulation forms. The optimum heat insulation thicknesses, life cycle costs and energy savings were determined according to the life cost analysis. The insulation thicknesses were determined between 0.05-0.132 m for the brick exterior wall model, 0.038-0.119 m for the gas concrete model and 0.033-0.114 m for the sandwich wall. The calculated annual earnings were calculated between 6.41-189.7 TL/m2 for external walls, and their life cycle costs between 1.31-4.5 years. Bolatturk [13] has selected 16 cities from 4 different climate regions of Turkey and investigated the optimum insulation thickness, energy saving and life cycle costs for different fuel types and climate regions. He has used coal, natural gas, diesel, LPG and electricity as fuel, and used foam as insulation material. He stated that the optimum insulation thickness varied between 2-17 cm, energy saving was between 22-79%, and life cycle cost varied between 1.3-4.5 years depending on different climate regions and fuel types.
As can be seen from the previous studies, the calculation of optimum insulation thicknesses that can be applied to buildings has become important for energy saving in order to save both energy and total cost to a minimum.
Materials and Methods
The calculations in this study were made for the provinces in four different regions (İzmir, Bursa, Konya, and Erzurum) located in the climatic geography of Turkey. The Köppen-Geiger climate classification is quite a useful way to express the conditions of the environment in general terms. For this reason, it is used very often in determining today's climate types. From among the selected regions, Izmir (Csa), Bursa (Csb), Erzurum (Dfb), and Konya (Bsk) were classified as Hot-summer Mediterranean climate, Warm-summer Mediterranean climate, Warm-summer humid continental climate, and Cold semi-arid climate, respectively [14] . In the calculations, the heating loss at the outer wall and the associated energy needs were determined by taking the heating degree day value as 21 °C and the cooling degree day value as 22 °C [15] . In calculations, by using the life cycle cost analysis (LCCA), coal, natural gas and fuel oil were used for heating while electricity was used for cooling. The results were analyzed according to the two most widely accepted insulation materials (XPS and EPS) in the current market. The areas in houses where the heat losses are seen the most are the building elements such as walls, floors, roofs, windows and thermal bridges. Heat losses from these regions vary depending on the architecture, location and thermal insulation of the building, and properties of the materials used. In general, the greatest proportion of energy losses in buildings comes from outside walls. Therefore, the insulation of the outer walls is an important factor in changing the results of heat loss calculations. Nowadays, walls can be composed of a single layer, as well as several layers that contain insulation materials constituting a building component. In this study, the calculation of the optimum insulation thickness was made by assuming that heat loss occurred only from the exterior walls. The wall components used in the study were in the form of internal plaster, brick, insulation material and external plaster, as shown in Figure 2 . The properties of these wall components are shown in Table 2 . Ri and Ro in Equation 1 indicate the thermal resistance of the inner and outer surfaces respectively; Rw is the thermal resistance of the uninsulated wall layer; Rizo is the thermal resistance of the insulating material, and is calculated by using Equation 2. In this equation, x is the thickness of the insulation material and k is the thermal conductivity coefficient of the insulation material. The properties of the insulation material used in this study are given in Table 3 
Heating Load for Building Wall
The heat losses from the buildings usually originate from exterior walls, windows, ceilings and floors, and through air infiltration. In this study, calculations were made by assuming that they 
The annual energy requirement EA (J/m 2 -year) required for heating is obtained from Equation 5 by dividing the annual unit heat loss by the system efficiency.
The amount of fuel consumed per year mfA (kg/m 2 -year) is calculated by means of Equation 6.
The annual energy cost CA,H ($/m 2 -year) used to heat the unit area is calculated using Equation
The cost of energy used to cool the unit area is calculated using Equation 8 . The COP in the equation represents the performance coefficient of the cooling system [19] . It was taken as 2.5 in this study. Here, Hu (J/kg; J/m3; J/kwh) is the lower heat value of the fuel, η is the fuel efficiency and Cf ($/kg; $/m3) is the price of the fuel and is shown in Table 4 [20] . 
Optimum Insulation Analysis
It was aimed to minimize the insulation cost by determining the optimal insulation thickness required by the building. Although there are various methods for determining the cost of a system, the life cycle cost analysis calculation was used in this study. The total heating cost of the building is calculated according to the energy cost, the insulation cost if any, a parameter (PWF), which is defined as the future value factor, and a specified time period (N). The actual interest rate (r) used in the calculation of the PWF value is calculated according to the two discrete conditions, using Equation 9, depending on the inflation rate (g) and the interest rate (i) [21 and 22] .
If i>g then =
; If g>i then =
In this study, calculations were based on a ten-year process, calculated using the current values with an interest rate of 8,00% and inflation rate of 8,53%, and the future value factor was calculated using Equation 10.
The total cost CT ($) of an insulated building is calculated by Equating 11. Where Ci is the unit price of the insulation material ($/m 3 ) and x (m) is the thickness of the insulation material.
= .
+ .
The total cost must be at a minimum to calculate the optimum insulation thickness. This is calculated by Equation 12 , taking the derivative of Equation 10, which gives the total cost, with respect to the insulation thickness (x).
Equation 13 is used to calculate the life cycle cost after earning from the investment made. The SA in this equation is the annual savings and is the annual energy cost of the difference between the uninsulated wall and the insulation wall.
Environmental Analysis
The rapidly growing population of the world is increasing the need for energy day by day. This increased energy demand is mostly used for housing heating. The consumption of fossil fuels, which are the most common and inexpensive source of this demand, causes greenhouse gases and harmful emissions to increase and pollute the air. With heating costs reduced by increasing insulation thickness in residences, this problem can be solved to a certain degree. The general formula for the combustion of fuel is as in Equation 14 [18 and 23] .
The constants A, B and E from the oxygen balance condition are calculated by equations 15, 16 and 17 below. 
Finding and Discussion
The optimum insulation thickness value calculated in this study varies with different fuel and insulation materials and economic benefits. The heat insulation formed on the exterior walls of the buildings reduces the heat loss of the building and consequently the heating load. This directly impacts fuel cost and consumption, while indirectly reducing the amount of emissions. However, the increase in the insulation thickness increases the cost of insulation, which leads to an increase in total cost. This increase continues in proportion until the optimum insulation thickness. After this value, there is an increase in the cost of insulation and therefore total cost, depending on the unnecessarily increased insulation thickness. The total cost of fuel and insulation costs is reduced until a certain value; but, it increases after this level. The minimum value of total cost will give the appropriate insulation thickness. Figures 3 and 4 show the total cost, the fuel cost and the effect on the insulation cost of insulation thickness in the provinces (Bursa, Erzurum, İzmir and Konya) of four different regions, based on the externally insulated wall applications. For different types of fuel and different insulation materials, the optimum insulation thickness was calculated using Equation 11 . The results are shown in Table 4 for the externally insulated wall. As seen in Figure 3 , the Xps insulation material was used in determining the optimum point, and natural gas fuel was used in heating the volume. As seen in Figure 3 a and b, the optimum insulation thicknesses for heating were 0.0508 m and 0.1014 m in İzmir and Erzurum, respectively. This difference is because that İzmir has a milder climate than Erzurum. This mildness directly affected the total cost by requiring less fuel per year. Thus, the amount of insulation needed varies according to the regions where the cities are located. As seen in Figure 4 , the Eps insulation material was used in determining the optimum point, and natural gas fuel was used in heating the volume. As seen in Figure 4 a and b, the optimum insulation thicknesses for heating were 0.0508 m and 0.0717 m in Bursa and Konya, respectively. These differences are because that İzmir is in a milder climate region than Erzurum. Table 5 shows the differences in the three different fuels (natural gas, coal and fuel-oil) in heating and two different insulating materials (extruded polystyrene and expanded polystyrene) in relation to electricity use in cooling, in the calculation of the appropriate value of the insulation. When using the extruded polystyrene (XPS) material in building insulation, the lowest thermal insulation thickness values were calculated in İzmir province in the first region. These values were 0.0508 (m) in natural gas, 0.065 (m) in coal and 0.089 (m) in fuel oil. The highest insulation thickness values were calculated in Erzurum province in the fourth region. These values were 0.1014 (m) in natural gas, 0.1276 (m) in coal and 0.1688 (m) in fuel oil. If expanded polystyrene (EPS) material is used for building insulation, the lowest value in heating in the region is in İzmir province. These values were 0.0459 (m) in natural gas, 0.0598 (m) in coal and 0.0817 (m) in fuel oil. The highest insulation thickness values were calculated in Erzurum province. These values were 0.0923 (m) in natural gas, 0.1162 (m) in coal and 0.1539 (m) in fuel oil. Heat transfer coefficients and unit prices of insulation materials used in calculations were different. The unit cost of EPS material was more expensive than other materials, which directly affected the insulation thickness and caused differences in the determination of the optimum point. In the use of the XPS material, the energy used in heating was recovered in quantities ranging from 47.31 to 19.37 percent, while in the use of the EPS material, it was recovered in quantities ranging from 48.50 percent to 19.92 percent. When the depreciation period of the insulation was calculated in relation to the energy obtained, the values varied between 1.24 (years) and 1.77 (years) in the heating season in the XPS material, and between 2.65 (years) to 11.55 (years) in cooling. The depreciation period varied between 1.24 (years) and 1.94 (years) when the EPS material was used in heating, while it varied between 2.76 (years) and 13.42 (years) in cooling. We can characterize interest and inflation rates, the unit price of insulation material and the current heat demand among the basic indicators affecting the depreciation period. The most important factors affecting the optimum thickness are the heat transfer coefficient of the thermal insulation material used and the thermal resistance of the wall to be insulated. Calculations were made according to the different heat transfer coefficients shown in Figure 6 .a Based on the figure, the insulation thicknesses for k=0.025 W/m.K and k=0.045 W/m.K in the 2000 heating degree day region were 0.0581 m and 0.0717 m, respectively. The values of the same coefficients in the 6000 degree day region were 0.1108 (m) and 0.1423 (m), respectively. As we move from the warm climate region to the cold climate region, the unit consumption of the material with high coefficient increases. The use of a material with a low thermal conductivity coefficient plays a significant role in the high degree day regions, but does not make a significant difference in the hot climate region. Insulation thickness was calculated for different wall types shown in Figure 6 .b Based on the figure, the insulation thicknesses for the Rt,w=0,4 m 2 .K/W and Rt,w=1,0 m 2 .K/W in 2000 heating degree day region were 0.0716 (m) and 0.0500 (m), respectively, while it was 0.1333 (m) and 0.1123 (m) in the 6000 degree day region. As the thermal resistance of the wall increased, the amount of insulation material used decreased. Therefore, the insulation cost can be reduced in part by reducing the amount of insulation material in walls with high a thermal resistance. The annual variation of the CO2 and SO2 gases depending on the insulation thickness are shown in Figure 8 and Table 7 . The annual fuel consumption was reduced based on the increasing insulation 
Conclusions and Recommendations
In the global economy, the increased energy demand and the lack of adequate measures to save money are adversely affecting the economy of the users and the country. Moreover, our orientation to fossil-based energy sources has brought about serious changes in the climate of our atmosphere over recent years. Saving energy in order to prevent the existing order from deteriorating further is borne by all mankind. In this study, the heating and cooling performance of different insulation materials and fuel types were examined in different geographical regions. During this examination, optimum insulation thickness values, annual gains, payback periods and emission analyses were carried out.
According to the average results that were revealed, the following presumptions can be made for the Izmir, Bursa, Konya and Erzurum provinces, respectively. 3-When the life cycle cost was calculated, it was 1.67 years, 1.52 years, 1.42 years and 1.32 years in heating, whereas it was 2.70 years, 4.6 years, 5.88 years and 12.48 years in cooling, respectively. 4-It is possible to create an environmentally friendly and livable world with about 81% less CO2 and SO2 emissions on average, by reducing the amount of fuel consumed by the insulation applications installed in all regions.
5-It is not worth applying wall insulation in Erzurum for use in cooling in summer months, considering the labor and installation costs of insulation. However, in the winter months, the application of insulation for heating will be a serious benefit, with the season lasting a long time.
6-Wall insulation applications to be made in İzmir, Bursa and Konya provinces in other regions will provide both heating and cooling benefits.
7-The analyses that were carried out and the values that were calculated can also be used for cities in developing countries which have an economy similar to the Turkish economy. These are Casablanca, Tashkent, Beirut, and Rabat for Izmir (Csa). They are Capetown, Santiago, and Concepcion for Bursa (Csb). They are Baku, Tehran, Ashkhabad, Comodoro and Ulaanbaatar for Konya (Bsk). And, they are Lviv, Poznań, Kraków, Minsk and Cluj-Napoca for Erzurum (Dfb).
8-When the fuel types used in heating are compared, it is seen that even though the calorific value of natural gas is greater than that of coal and lower than that of fuel-oil, it is in the balanced price range, and thus, it is the most advantageous type of fuel in optimum conditions. 9-Because isolation materials are compared, the optimum point thickness of EPS for all conditions is lower than that of the XPS material due to low thermal conductivity, although the unit price of the EPS material is higher. However, when examined in terms of payback period, the low-cost material is seen to be more advantageous depending on the increasing number of days of heating.
10-As we move from the warm climate region to the cold climate region, the unit consumption of the material with high coefficient increases. The use of a material with a low thermal conductivity coefficient plays a significant role in the regions with high day temperatures, but does not make a significant difference in the hot climate region.
11-As we move from the warm climate region to the cold climate region, the unit consumption of the material with high coefficient increases. The use of a material with a low thermal conductivity coefficient plays a significant role in the regions with high day temperatures, but does not make a significant difference in the hot climate region.
12-In recent years, a very rapid urbanization phenomenon has been experienced in Turkey. The buildings that are constructed are not built according to the energy efficiency standards. It is important that the institutions that are authorized to grant construction permits are conscious and sensitive in this respect.
In our opinion, the spread of these applications and systems will be achieved by lowering the unit price of the insulation material and the mankind's caring for the nature where he lives. As long as human societies do not insist, the countries exporting energy will never give up their material gains.
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